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AERONAmICS

TRANSONIC

ONA THINLOW-AWECT-RATIOCAMBERED

DELTAWINGBODYCOMBINATION*~

By JohnP.Mugler,Jr.

SUMMARY

sPEEr6

An investigationhasbeenmadeintheIangley8-foottransonictun- *
nelsto determinetheaerodynamicloadingcharacteristicsof a thinconi-
calcamberedlow-aspect-ratiodeltawingin combinationwitha basic .
Sears-Haackbodyanda bodyindentedsymmetricallyfora Machnumber
of 1.2. Thewinghadan aspectratioof2.31andhadNACA65Ao03airfoil
sectionspsrallelto themodelplaneof symmetryovertheuncauiberedpor-
tion. ThetestswereconductedatMachnumbersfrom0.60to 1.12and
at 1.43 andat anglesof attackfrom-4°to 20°.

Theresultsindicatethata leading-edgeseparationvortexcauses
theshapeofthespanwiseloaddistributionsto changeatmoderatea&les
of attack.Rearward andoutboaz%hcenter-of-pressuremovemetitsofthe
orderof9 percentof themeanaerodynamicchordand2 percentofthe
semispan,respectively,arenotedattransohicspeeds.Bodyindention
hadlittleeffecton theaerodynamicloadingcharacteristics.Comparisons
with~erimentaldatafora simi@rplanewingindicatethatthecaaibered
wingis considerablymoreeffectiveindevelopingleading-edgethrust.

INTRODUCTION

Wind-tunnelandflighttestshaveshownthatconicalleading-edge
caiberona thinlow-aspect-ratiodeltawingresultsin increasingthe

%l!heinformationpresentedhereinwasofferedasa thesisinpartial
fuMi13mentoftherequirementsforthedegreeofMasterofSciencein
AeronauticalEngineering,VirginiaPolytechnicInstitute,Blacksburg,
Vtiginia,May1958.

+W!itle,Unclassified.
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lift-dragratioattransonicandlowsupersonicspeeds(refs.1 and2).
Therefore,a wingofthisdescriptionhasbeenincludedina general
programbeingconductedintheLangley8-foottransonictunnelsto inves-
tigatethedetailedpressuredistributionsandloadsona seriesofthin
wings suitablefortransonicad supersonicflight.References3 and4
presenttheresultsoftwopreviousinvestigationsofthisgeneralpro-
gram. Detailedpressuredistributionsattransonicandlowsupersonic
speedson a thinconicalcamberedlow-aspect-ratiodeltawingincombi-
nationwithbasicandindentedbodieshavebeenpresentedinreference5.
A moredetailedanalysisofthepressuredistributionsofreference~ is
presentedhereinintermsoftotalsectionloadsandoverallwing-body
characteristics.

b

c’

E

cav

%, c/4

c!m,w

cm,E/4

cm,fw

SYMmx

wingspanto roundedtips

airfoilsectionchord,measured

wingmeanaero@amicchord

averagewingchord

—

paralleltoplaneof symmetry

wingsectionpitching-momentcoefficientabout0.2’5c,
1J(cp,L- Cp,u)(0”25‘:) ‘(~)o -*

wingpitching-mmnentcoefficientabout0.25~,

J

1
C2 d

b)
cm,E/4~ & “

x
b/2

wingsectionpitching-momentcoefficientabout0.256,
cm,c,4+ cn&! . ~)

bodypitching-momentcoefficientabout0.255,basedonwing
areaand=,

*

.

21%D_ 1/4 1

11
cos e ~ (% ,L- %,u)s?! o 0 ‘mx % ‘(?)‘(a



NACARM L58F24

cm totalpitching-momentcoefficient)Cm,w+ %,fw

3

Cn

%,W

%, fw

%

%,W

wing

wing

body

sectionnormal-forcecoefficient,J(o
ly,L-cp,u) q:)

J=

1
normal-forcecoefficient, c

()
~d~n Cav b/2

+

normal-forcecoefficientbasedonwingarea,

totalnormal-forcecoefficient,C’N,W+ C-N,fw

wingbending-moment

J:

1 c
(7-)
Y

Cnr~vb2

coefficientaboutwing-bodycenterline,

(7)
dy
b2

b/2
P - Pm

pressurecoefficient,—
%!

msximumbodydiameter

bodylength

bodylengthforcmnpleteclosureatbase

Machnumber

localstaticpressure

free-streamstaticpressure

free-streamdyuamicpressure

root-mean-squarebodyradiusbetweenwing-bodyleading-edge
andtrailing-edgejunctures



4

‘max

r

s
x

Xcp
E

Y

Ycp
q

z

a

e

NACARM L58F24

maximumbodyradius

bodyradiusat anystation

wingarea

distancefromleadingedgeofwingornoseofbody(positive
rearward)

wingchordwisecenterofpressuremeasuredfromleadingedge
of E

spanwisedistancemeasuredfrombodycenterline

wingspanwisecenterofpressuremeasuredfr@nwing-body
centerline

verticaldistancefrcmwingchordlineofuncamberedsection

angleofattackofwing-bodycenterline

meridianangleofbodyorificestation(e = 0°at stationA)

Subscripts:

k leadingedge

L lowersurface

u uppersurface

e exposed

APPARATUS

Tunnels

Theinvestigationat subsonicandtransonicspeedswasconductedin
theLangley8-foottransonictunnel.Thisfacilityisa single-return
windtunneloperatedatapproximatelyatmosphericstagnationpressures.
Thedodecogonal-shapedtestsectionhasbeenslottedlongitudinallyto
allowtestingthroughsonicspeedswithnegligibleeffectsof choking
andblockage.A descriptionofthetunnelanditscalibrationisgiven
inreference6. Dataat a Machnumberof 1.43wereobtainedinthe
Iamgley8-foottransonicpressuretunnelbyenclosingthelongitudinal.
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slotswithspeciallydesignedchannelswhichconvertedtheslottedtest
sectiontoa supersonicnozzle.u Detailsoftheresultingnozzleshape
andthetest-sectionMachnumberdistributionaregiveninreference7.

Models

Thedeltawingtestedhas60°sweepbackoftheleadingedge,a taper
ratioof0, andNACA65AO03airfoilsectionsparallelto themodelplane
of symmetryovertheuncamberedportionofthewing. Modeldetailsare
showninfigurel(a).Theleading-edgeportionofthewinghasconical
cauiberovertheoutboard15percentofeachsemispan.Theamountof
leading-edgeverticaldisplacementat anyspawisestationdenoted(
Zze fig.l(b))wasobtainedfromreference8 fora liftcoefficient

of0.15near M = ~.O. Thena psrabolicmeancamberline

(z= ZZe(KL7181> - 6.9-66;+I))wasfittedinthestreamwisedirec-4
tionbetweenthe‘&isplacedleadingedgeanda lineat 8-5percentofthe
localsemispan.Next,thethicknessdistributionoftheplanewingwas. shearedverticallyuntilitwasdistributedevenlyabouttheparabolic
meanline.Detailsof thecsaiberdistributionandordinatesforthe
caniberedsectionsarepresentedinfigurel(b). Theactualwingplan
formdeviatedfromthetheoreticaldeltawingplanforminthatthewing
tipswererounded.Roundingthetipsreducedthewingareaby a small
amount(areductionof0.6percentofthetotalwingareaof0.855square
foot)andproducednegligiblechangesinmean-aerodynamic-chordlength
md location.Thetheoreticalaspectratio,whichassumespointedtips,
is2.31,andtheactualaspectratiobasedontheroundedtipsis2.06.
Thewingwasconstructedof steelandwastestedasa midwingconfiguration.

Thewingwastestedin conibinationwithbasicandindentedbodies.
Thebasicbodyisa bodyofrevolutiondesignedto havemi~wave drag
fora givenlengthandvolume.Thisbodyisa Sears-Haackbodyandits
shapecanbe expressedby theequationfortheradiusofthebodyas

InthisequationL representsthelengthofthebodyforcompleteclo-
sureattherearend. Forthisbody L= 4-0.2inches.Thenecessity
forprovidinga regionattheresrendofthebodytoaccommodatethe
stingsup~rtrequiredthattheactualbodylengthbe less.Forthis
configurationtheactualbodylengthwasabout90percentofthelength* forccmpleteclosure.
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Theotherbodywasa bodyofrevolutionindentedsymmetricallyfora
Machnumberof 1.2inaccordancewiththesupersonic-area-ruleconcept
ofreference9. Photographsofthebasicqndindentedwing-bodycom-
binationsareshowninfiguresl(c)andl(d),respectively.Ordinates
forbothbodieshavebeenpresentedinreference5.

TESTS

Boththebasicandtheindentedwing-bodycombititionsweretested
atMachnumbersfrom0.60to 1.1.2andat a Machnumberof 1.43.Gen-
erally,theangle-of-attackrangeextendedfrom-4°to 20°.

Ekmnsitionstripswerefixedonbothconfigurationsduringallthe
tests.Thestripswereabout0.10inchwideandwereformedbysprinkling
No.120Carborundumgrainsona plasticadhesive.Thestripsextended
fromthewing-bodyjuncturetothewingtipat 10percentofthelocal ●

chordontheupperandlowerwingsurfacesandformeda ringaroundthe
bodyat 10percentofthebodylength. k

TheReynoldsnuniberbasedonthewingmeanaeromic chordvaried
duringthetestsfromabout2.8x 106at a Machnumberof0.60to
3.3X 106atthehighesttest~ch m.uiberof 1.43. Thefree-stream
dynsml.cpressurevariedfromabout~ to900poundspersquarefoot
overthesameMachnumberrange.

MEASUREMENTSANDACCURACY

Measurementsofthelocalstaticpressuresonthemodelsweremade
by useof orificesdistributedovertheupperandlowerwingsurfaces
at threewingsemispanlocationsandalongfivebodymeridianrows.
Orificelocationsaregiveninfigure2. Thepressurecoefficients
determinedfromthesemeasurementshavebeenpublishedinreference5
andareestimatedtobe accuratewithinfO.005.Thesectionandtotal
loadingspresentedhereinwereobtainedby fairingandintegratingthe
pressure-coefficientdistributionsoverthesurfaces.Inobtainingthe
totalloadingstheassumptionwasmadethatallthreerowsofwing
orificeswereon onepanel.

Theangleofattackofthemodelwasmeasuredbymeansofa strain-
gageattitudetransmittermountedinthenoseofthemodelandisesti-
matedtobe accuratewithin-~.l”.CalibrationsoftheLangley8-foot
tramsonictunnelwiththetestsectionemptyindicatethatlocaldevia-
tionsfromtheaveragefree-streamMachnumberareoftheorderoftO.003 *

.~ .
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at subsonicspeeds.WithincreasesinMachnumber,thesedeviations
increasedbutdidnotexceedKI.O1Oat M = 1.2. (Seeref.6.) In
theLangley8-foottransonicpressuretunnelat M = 1.43,localdevia-
tionsfromtheaveragefree-stresmMachnuniberdidnotexceedAO.015in
theregionofthemodelduringthesetests(ref.7). Theaveragefree-
streamMachntier washeldtowithinkO.003ofthenominalvaluesshown
inthefigures.

CORRECTIONS

No correctionshavebeenappliedto anyofthedataforboundary-
interferenceeffects.At subsonicspeeds,theslottedtestsection
minimizedboundary-interferenceeffectssuchasblockageandboundary-
inducedupwash.At 1.03< M< 1.12boundary-reflecteddisturbances
struck themodeljtherefore,no datawererecordedinthisMachnuniber
range.

No correctionshavebeenappliedto anyofthedatafortheeffects
ofwingaeroel.asticity.b ordertoprovidean indicationofthemagni-
tudeof theseeffects,someoftheaeroelastictwistcharacteristics
havebeencalculatedandpublishedinreference5. Thesecalculations
showthatmaximumaeroelastictwistanglesoftheorderof -20were
encounteredat M = 1.03 and cc= 20°~

RESUITSANDDISCUSSION

Theresultsofthisinvestigationarepresented
Sincest~ered scaleshavebeenusa on IIISJIY ofthe

infigures3 to 11.
figures,careshould

be taken‘~ selectingtheproperreference&is foreachc~e. i%fig-
ure3(d)at M = 1.43,notethatthedatafortheindented-bodyconfigu-
rationwerenotobtainedat thetwokh?hestanglesofattack.Infig-
ures6 and7 notethat
theconfigurations.

Thespanwiseload
thechordwisepressure
figure3. At a= 0°

forcedatafor‘M = 1.4; arenotavailsblef;r

SpanwiseLoadDistributions

distributionswereobtainedby integrationof
distributionsof reference5 andarepresentedin
thespanloadingsgenerallyshoweda smallnega-

tive loading
be e~ected,
sectionsare*

.

overthema~orityofthespan. Thisnegativeloadingwould
however,sincewiththistypeof csmibertheoutboardwing
operatingat a lowerangleofattackthanthewing-body
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centerline.As theangleofattackis increasedto4° at M = 0.60
(fig.>(a)),thespanwiseloaddistributionbecomesapproximatelyellip- F
ticalin shape.Furtherincreasesinangleofattackcausetheshapeto
progressivelydeviatemoreandmorefromellipticalandapproachtriangu-
larat a=20°. Examinationofthechordwisepressuredistributions
inreference5 hasindicatedthepresenceof a leading-edgeseparation
vortexoverthewingatmoderatetohighanglesofattack.Thisvortex
causesradicalchangesinthechordwisepressuredistributionsat the
outboardwingstations(seefig.5(a)ofref.5)whichresult inthe
changesin shapenotedforthespanwiseloaddistributions.As theMach
numberisincreasedaboveM = 1.0,theeffectofthisvortexonthe
spanwiseloaddistributionsisnotasprominentas itwasat thelower
Machnumbers(figs.3(b)to ~(d)).However,thereis indicationthatit
is stillpresentonthewingevenat M = 1.43.At thenegativeangle
ofattackof -4°theshapeofthespanwiseloaddistributionis somewhat
unusualatallMachnumbersexcept1.43.Thechordwisepressuredistri-
butionsofreference5 indicatethattheleading-edgeseparationvortex
hasalreadyformedoverthewingat thisangleofattackandisrespon-
siblefortheunusualspanloadingshape.

Thewing-bodyjuncturelocationsforthebasicandindentedbodies
showninfigure3 wereobtainedby takingtheroot-mean-squarevalueof
thebodyradiusovertheregionof thebodyintersectedby thewing.
Theresultingvalues were0.198b/2and0.188b/2forthebasicandindented
bodies,respectively.

Alsoshowninfi~e 3 is theaveragebodynomal-loadcoefficient
forboththebasicandindentedconfigurations.Thiscoefficientis
definedsothattheareaunderthiscurvefromthewing-bodycenterline
to thewing-bodyjunctureisequalto thenormal-forcecoefficientfor
thebodyinthepresenceofthewing. Therefore,it indicatestheaver-
agemagnituderatherthanthedistributionoftheloadoverthebody.

ForceandMomentCharacteristics

Aerodynamicforceandmomentcharacteristicsforthewinginthe
presenceofthebodywereobtainedby fairingandintegratingthespan-
wiseloaddistributionsandarepresentedinfigurek. Forceandmoment
characteristicsforthebodyinthe“presenceofthewingwereobtained
similarlyandarepresentedinfigure5. Thedataoffigures4 and5
werecombinedto obtaintheaerodynamiccharacteristicsofthewing-body
combinationandthesearepresentedforthebasicandindentedconfigura-
tionsinfigures6 and7, respectively.Thedataoffigures6 and7
showthat,ingeneral,boththeforce-andmoment-coefficientcurves
exhibitednonlinearitiesevenat lownormal-forcecoefficients.These
nonlineeritiesresultfromtheformatimoftheleading-edgeseparation *

.
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vortexon thewingat lowanglesofattackas notedpreviously.At the
highernormal-forcecoefficients,an abruptdestabilizingtendency(see
figs.6(b)and7(b)),whichis characteristicof sweptbackwings,isappar-
entat M = 0.90andO.94.

Alsoshowninfigures6 and7 is a comparisonbetweentheforceand
momentcharacteristicsobtainedby integratingthepressuredistributions
andthoseobtainedonthesameconfigurationfrcmtheforce.testsof ref-
erence2. Theagreementbetweenthesetwosetsof dataisveryencour-
aging,particularlywhenit is consideredthatthepressurewinghad
chordwiserowsof orificesat onlythreespanwisepositions.

Center-of-PressureCharacteristics

Thelongitudinalandlateralcenter-of-pressurecharacteristics
forthewingwerecomputedby usingthedatafromfigure4 andarepre-
sentedinfigure8. Center-of-pressuremovementswerenotedat trsn-
sonicspeedsthroughtherangeof normal-forcecoefficientstested
(fig.8(a)).Rearwardandoutboardmovementsoftheorderof9 percent
ofthemeanaerodynamicchordand2 percentofthesemispan,respectively,
occurredratherrapidlybetweenM = 0.85and1.0. As theMachnuiber
wasincreasedabove1.0at a constantnormal-forcecoefficient,the
center-of-pressurelocationappearedtobeginto stabilizeat itssuper-
sonicvalue.Theeffectoftheabruptdestabilizingtendency(noted
infigs.6(b)and7(b))onthecenter-of-pressurelocationcanbe seen
infigure8(b). Generally,significantforwardandinboardmovements
areapparentatMachnumbersthrough0.94. Of course,themagnitudeand”
abruptnessof thesemovementsareconsistenttiththemomentcurvesof
figure4.

DivisionofNormalload

Thedivisionofnormalloadhasbeenccmputedforboththebasic
andindentedconfigurationsandispresentedinfigure9. Theseresults
indicatethatthedivisionofnormalloadwaslittleaffectedby Mach
numberat lownormal-forcecoefficients,theratiobeingabout0.77
or0.78throughtheMachnrmiberrange. Increasesinnormal-forcecoef-
ficientresultedina decreaseinthefractionoftheloadcarriedby
thewingat allMachnunibers.Theratioof exposedwingareato total
wingarea,denotedforthetwoconfigurationsby theMnes lsbeledSe/S
infigure9, givesa poorpredictionoftheresults>aswouldbe expected
fora low-aspect-ratioconfiguration.
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EffectsofBodyIndentation
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*

Datafortheindentedbodyconfigurationispresentedandcompared
withdataforthebasicbodycotiigurationinfigures3,4, 5,8,and9.
Generally,theeffectsofbodyindentationaresmall.Figure8,which
showsa comparisonofthecenter-of-pressurecharacteristicsforthe
basicandindentedbodyconfigurations,indicatesthatbodyindentation
causesa slightdelayinthetransonicrearwardandoutboardcenter-of-
-pressuremovement(fig.8(a)).Inaddition,bodyindentationwasrespon-
sibleforsomechangesin center-of-pressurelocationathighnormal-
forcecoefficients,particularlyat M = 0.94(fig.8(b)).

ComparisonWithPlaneWing

Pressuremeasurementsona plamedeltawingofthesameplanform
andairfoilsectionsasthewingdiscussedhereinaregiveninrefer-
ence10. Thebodyusedinreference10 isnotidenticaltothebasic
bodyusedforthepresentinvestigation;however,thedifferencesare
smallandwillnotinvalidatethecomparisonstobemadeherein.

As notedintheintroductiona considerableperformancebenefitwas
realizedwhentheplanewingwasconicallycambered.Reference2 shows
thatat M = 0.80 themaximumlift-dragratioforthecamberedwingis
about22percenthigherthanthatfortheplanewing,andthemaximum
lift-dragratiooccursata liftcoefficientofabout0.2. Inorderto
showan exampleofhowthecambereffectedthisincreaseinlift-hag
ratio,a comparisonhasbeenmadeat M= O.80and a~4° Cn=0.2

ofthepressuredistributionsat aboutmidspan
(G% = O“’’)(on‘heJane

andcsmberedwings.Figw?e10 showsthepress~e”coefficientsplotted
againstthicknessinfractionof chordforboththeplaneandcambered
wings. Theareaenclosedisdirectlyproportionalto thedragorthrust
developedby thesection,dependingonwhethertheareaispositiveor
negative.Intraversingthecurvestartingat theleadingedge,moving
alongtheuppersurfacetothetrailingedgeandreturningalongthe
lowersurfacetotheleadingedge,areaenclosedontherightresults
innegativedragorthrust.Likewise,areaenclosed,ontheleftresults
indrag. It is evidentfromfigure10(a)thatat M = 0.80thecambered
wingdevelopsallthrust,whereastheplanewinghassomedragassociated
withthepressuresonthelowersurfaceneartheleadingedge.Thethrust
developedby thecsmberedwingisabout1.8 timesas largeas thethrust
developedby theplanewing. In orderto assesstheeffectivenessofthe
camber,itisconvenienttodiscussthethrustdevelopedby thesection
h termsofthetheoreticalvaluesforfullleading-edgesuction.The
53-percent-semispansectionofthecamberedwingdevelopsabout61percent
of fullleading-edgesuction,whereasthesamesectionoftheplanewing w
developsonlyabout29percent.Thesefindingsareconsistentwiththe

.
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.

resultsnotedfromreference2. Figure10(b)showsthesanecomparison
atM= 1.03.It isreadilyapparentthatincreasingtheMachnumber
from0.80to 1.03wasdetrimentalfroma leading-edgethruststandpoint.
Thethrustdevelopedby thecamberedwingissti~ largerthanthatdevel-
opedbytheplanewing;however,themagnittiehasbeenreducedconsider-
ably. At M . 1.03 thissectionofthecamberedwingdevelopedabout
23percentoffullleading-edgesuctioncompsredto about5 percentfor
theplanewing. Again,theresultssreconsistentwiththeresultsof
forcetestssinceinfigure8(b)ofreference2 it isshownthatthe
benefitsdueto csaiberdiminishwithincreasesinMachnumber.

Figure11presentsa comparisonofthespanwiseloaddistributions
fortheplaneandcmiberedwingsat severalemglesofattackandMach
numbers.At M = 0.80 and a = 4°,a decrementintheoutboardloadings
forthecauiberedwingisapparent(fig.n(a)). Sucha characteristic
wouldbe expected,however,sincethecaniberresultedintheouterpor-
tionsofthewingoperatingat a lesserangleofattackthanthewing-
bodycenterline.Withincreasesinangleofattackto about8°,the
spanwiseloaddistributionfortheplanewingdeviatedmarkedlyfromthe
approximatelyellipticalshapeithadat 4°whereastheshapeofthe
spanwiseloaddistributionforthecaaiberedwingremainedthesame. Since
thecamberedwingloadingmaintainsitsmorenesrlye~ptical shapeto
thehigheranglesof attack,itwouldbe expectedtohavelowerdragdue
to liftandconsequentlyhigherlift-dragratiosatthehigherangles.
Thedataofreference2 bearsthisout. Examinationofthechordtise
pressuredistributionsofreferences5 and10 indicatethatthecaniber
delayedtheseparationovertheoutboardsectionsofthewingto a
higherangleofattack.Thedehyedseparation,inturn,isresponsible
forthedifferencesintheshapesofthespanwiseloaddistributionsat
a= 8°. At an angleofattackofabout120,boththeplaneandcanibered
wingsappeartobe sepsratedovertheoutbosrdregions.At M = 1.03
(fig.ll(b)) thesametrendsareapparent;however,theseparationchar-
acteristicsforthephne wingdonotappeartobe asmarkedas theywere
atM= 0.80.

CONCLUSIONS

An investigationto determinetheaerodynamicloadingcharacteristics
of a thinconicalcamberedlow-aspect-ratiodeltawingin conibinationwith
basicandindentedbodieshasbeenconductedintheLangley8-foottran-
sonictunnels.atMachmuibersfrom0.60to 1.43. Thedatahavebeen
analyzedandindicatethefollowingconclusions:

1.At subsonicspeedsandatmoderateamglesof attack,a leading-
edgeseparationvortexcausesthespanloaddistributionsto deviate

% fromtheirapproximatelyellipticalshapeandapproachtriangularat the

.
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highestangletested.Theeffectofthisvortexisnotsoprominentat
thehighertestMachnumbers.

2.Rearwardandoutboardcenter-of-pressuremovements,oftheorder
of9 percentofthemeanaeroi@amicchordand2 percentofthesemispan,
respectively,occurredbetweenMachntiersof0.85and1.0. Also,some
forwardandinboardmovementsarenotedat subsonicspeedsat highnormal-
forcecoefficients.

3. Theeffectsofbodyindentationontheaerodynamicloadingchar-
acteristicssresmall.

4. Comparisonswithexperimentaldatafora similarplanewingindi-
catethatthecamberedwingismuchmore effectiveinutilizingthe
wingleading-edgesuctionpressureto developleading-edgethrustat sub-
sonicspeeds.WithincreasesinMachmniber,thebenefitdueto caniber
diminishes.

LangleyAeronauticalLaboratory,
NationalAdvisoryCcmm.itteeforAeronautics,

LangleyField,Vs.,June11,1958.
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